The genotypes of Mycobacterium leprae isolates originating from Mexico, Peru and Paraguay were analysed for the polymorphism of short tandem repeats in the rpoT gene. The genotype with four copies of the six-base tandem repeats in the rpoT gene was prominently predominant in Mexico, but the genotype of all isolates from Peru and Paraguay contained three copies of the six-base tandem repeats. These obvious different distributions might reflect the spread of leprosy by the different strains of M. leprae harboured by the various human races that moved to the American continent, as has been demonstrated in other infectious diseases.
Introduction
Genotyping of causative agents of infectious diseases is essential for epidemiological analysis of transmission. Until recently, it was believed that there is no genomic diversity among Mycobacterium leprae isolates, a useful feature for the analysis of leprosy transmission. However, in 2000, two independent studies reported some genomic polymorphisms suitable for genotyping of M. leprae [1, 2] . Since then other polymorphic genomic regions which might be applicable for genotyping have been also revealed [3] . One of them is the different copy number of six-base tandem repeats in the rpoT gene of M. leprae [1] . Specifically, M. leprae isolates can be divided into two sub-genotypes based on the polymorphism in the rpoT gene, which contains either four or three copies of a six-base tandem repeat. Our previous study showed the prominent distribution of the genotype with four copies of the six-base tandem repeats in the rpoT gene in the East Asia, Korea and the main island of Japan [1] . For some infectious diseases, the distribution of microorganisms with specific genotype in specific geographical areas has been noticed to correspond with the worldwide movement of human races [4] [5] [6] [7] [8] . Studies of the genomic similarity of microorganisms, other than M. leprae, suggest that disease strains were distributed in Korea and the main island of Japan by one of the Mongoloid groups that migrated into these areas [6, [9] [10] [11] . Our data with M. leprae [1] substantiated this observation.
Intrigued with this, it was of interest to determine the genotypes of M. leprae rpoT gene that exist in the American continent. Because of the complicated history of invasion, conquest and migration, the American continent consists of multiple races. The genotypes of M. leprae rpoT gene distributed in Latin American countries are investigated in this study.
Materials and methods

Source of M. leprae isolates and preparation of genomic DNA
A total of 72 M. leprae isolates were used in the present study. Twenty-seven samples from Mexico, 25 samples from Peru and 20 samples from Paraguay were examined. In Mexico, 2 samples from Sinaloa State, 15 samples from Jalisco State and 10 samples from Guanajuato State were collected. Samples from Peru and Paraguay were collected randomly from patients throughout the countries. Almost all of the patients were Mestizo. Twenty-four samples originated from Philippines were also included in the analysis (kindly supplied by Dr. A. Abraham, Dr. Jose N. Rodriguez Memorial Hospital, Philippines). Samples were collected from multibacillary cases [12] , since paucibacillary specimens gave poor PCR products in the preliminary study, as reported by others [13] . Furthermore, leprosy disease types are defined by host immune response rather than causative strains. Slit-skin smear specimens were collected from the skin lesion of patient in the same manner as the routine slit-skin smear test for Bacterial Index examination. The sample on the disposable surgical blade was soaked in 70% ethanol and kept at a room temperature until use. The bacilli were removed from the blade and collected as a pellet by centrifugation at 10,000g for 20 min and then washed with phosphatebuffered saline. Template was prepared by treatment with lysis buffer as mentioned elsewhere [13] .
rpoT genotyping by PCR and electrophoresis
PCR was carried out using a G mixture of FailSafe PCR System (EPICENTRE, Madison, WI, USA) in a 50 ll volume of reaction mixture. Primers A (5 0 -ATGCCGAACCGGACCTCGACGTTGA-3 0 ) and B (5 0 -TCGTCTTCGAGGTCGTCGAGA-3 0 ) (GenBank Accession No. AB019194) were used for amplification to span the 91 or 97-bp fragment containing the target region with three copies of the six-base tandem repeats or four copies of the six-base tandem repeats in the rpoT gene [1] . For comparing the differences of the repeats in the rpoT gene, 91-or 97-bp products were separated by electrophoresis in a 4% Meta Phoree agarose gel (FMC Bioproducts, Rockland, ME, USA) using TBE (Tris/Borate/EDTA, pH 8.0) buffer at 50 V.
Sequencing
The numbers of six-base repeats were confirmed by direct sequencing. DNA samples for sequencing were recovered by MinElute Gel Extraction Kit (QIAGEN, GmbH, Germany) after electrophoresis of PCR products in 1.2% Seakem GTG agarose gel (Cambrex Bio Science Rockland Inc., Rockland, ME, USA). Samples were sequenced as described previously [14] .
Genotyping of TTC repeats
Templates prepared for the rpoT genotyping were also analysed TTC repeats [2] . The target region was amplified and sequenced as described previously [14] .
Confirmation of M. leprae
To identify of M. leprae, the groEL gene was amplified by PCR from the template samples using the method of Plikaytis et al. [15] .
Ethical approval
Informed consent was obtained from all subjects, and the study was approved by the institutional ethics committee of National Institute of Infectious Diseases, Japan. Bacillary samples of slit-skin smears were collected when informed consent was obtained.
Results
Geographic distribution of M. leprae with different rpoT genotypes
PCR products of different sizes, 91-or 97-bp, were obtained according to the number of six-base tandem repeats in the rpoT gene (Fig. 1) . Sequencing revealed that there were three copies of the six-base tandem repeats in the 91-bp PCR products and four copies in the 97-bp PCR products, respectively. No other rpoT genotype was detected. Of 27 samples from Mexico, only two samples from Jalisco state harboured three copies of the six-base tandem repeats. Both samples from Sinaloa state, 13 samples from Jalisco state and 10 samples from Guanajuato state revealed a genotype with four copies of the six-base tandem repeats. In contrast, all samples from Peru, Paraguay and the Phillipines showed three copies of the six-base tandem repeats (Table 1) .
Frequency of each TTC genotype
The copy number of TTC repeats varied from 9 to 18 copies ( Table 2) . No biased distribution of some specific TTC repeat genotypes was recognized in these three countries. The 10-copy TTC genotype was the most frequent in all three countries.
Verification of bacterial materials
All samples examined showed the 364-bp PCR products of the groEL gene and indicated that samples contained M. leprae.
Discussion
The first stage of our study showed a prominent biased distribution of M. leprae with four copies of the six-base tandem repeats in the rpoT gene in the main island of Japan and Korea. The predominance of three copies of the same repeats in Okinawa, the island off the southern end of Japan, was associated with human migration [1] . It has been a very influential hypothesis that modern Japanese are derived from a base of Jomon ancestry compounded with later Yayoi immigrants who had migrated to Japan through the Korean Peninsula [16] . Additional data to support the hypothesis that M. leprae was spread by one of the Mongoloid lineage which migrated to Japan through the Korean Peninsula include the similarity of genetic marker of Korean and Japanese [17] ; low seroprevalent frequency of HTLV-1 carriers in Koreans and Japanese [18] ; and the resemblance between isolates from Korea and Japan on genotypes of JC virus, Mycobacterium tuberculosis, Helicobacter pylori and Hepatitis B virus [6, 7, [9] [10] [11] .
In this study, the geographical distribution of M. leprae discriminated by rpoT gene polymorphism was compared in some Latin American countries. The most noticeable finding of this study was that even although all of the isolates from Peru and Paraguay harboured three copies of the six-base tandem repeats of M. leprae rpoT gene, in Mexico, was a predominance of bacilli with four copies of the repeats.
Genotyping of microorganisms distributed throughout the American continent and Asia has proved the concordant spread of some infectious diseases with the migration of human races [4] [5] [6] [7] [8] . It must be of interest to pursue whether there were any correlations between the genotypes of M. leprae rpoT gene distribution in the American continent and the spread of leprosy with the intercontinental movement of human races in the past because there have been reports that the movement of leprosy patients initiated the transmission of M. leprae [19] . Notably, the genotype of four copies of the six-base tandem repeats of the M. leprae rpoT gene was typically dominant in Mexico whilst in all isolates from Peru and Paraguay there were only three copies. According to a random analysis of M. leprae rpoT gene on an isolate from armadillo in the USA, three isolates from Brazil and an isolate from Haiti, it was supposed that M. leprae with three copies of the six-base tandem repeats existed on the American [4, 5, 8, 20] . However, more samples from more other related countries would help to develop a more comprehensive correlation between the genotype of M. leprae and the history of introduction of leprosy to Latin American countries. This would with no doubt contribute to the study of anthropology and archaeology. It is generally said that leprosy was introduced to Mexico from the Philippines during the Spanish colonial era. Until now, the preliminary study of all 24 isolates from the Philippines has shown three copies of the sixbase tandem repeats, which does not support this view. More isolates of M. leprae from Mexico and other countries around Mexico for genotyping are required to resolve this point.
Polymorphism of TTC repeats exhibited a wide range of variation; however, the variation of samples from Peru was relatively limited, and there was no biased distribution of some specific genotypes in any countries. The bacilli with 10 copies of TTC repeats were detected most frequently and this was same with our previous results obtained in Indonesia [14] .
Genotypes of M. leprae that are particularly distributed in some specific areas, other than three or four copies of six base tandem repeats in the rpoT gene, might facilitate the epidemiological and anthropological analysis of the origin and spread of leprosy. Unfortunately, even though microsatellite and minisatellite nucleotide sequences with polymorphism have been used for genotyping [3] , none of them showed such biased geographical distribution as rpoT genotyping in our preliminary study (data ware not shown). Other short tandem repeats with polymorphism that are valuable for genotyping are under investigation for epidemiological analysis of leprosy transmission and the worldwide spread in the past.
